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ABSTRACT
After years of record-breaking droughts many aquifers around the World are drying up. Climate change is making it
increasingly difficult to support the World’s growing population. If water means life then water scarcity represents
a significant challenge to growth for industry.
A Canadian-based food processor is rising to the challenge of water scarcity at one of its production facilities in
Gujarat, India. Until 2013 the facility was able to draw all the water it needed from a well. However, droughts have
reduced groundwater resources and the demand for the facility’s products has grown. The food processor
approached Amec Foster Wheeler to help them with a major expansion. Since additional withdrawals from the
aquifer were not permitted, a new Water Reclamation Plant was needed.
Water reuse at a food processing facility is rare; however, it has been done before. In this case, the bigger challenge
was to satisfy the facility’s expanded requirements for process water with limited groundwater resources. Water
recovery rates needed to be as high as possible: higher than what had ever been achieved before. As well,
production would depend on the new Wastewater Reclamation Plant so the equipment had to be very reliable.
Industrial Wastewater Treatment Plants are often difficult to operate and control. Food processing wastewater is
typically concentrated and flows are variable. Strong cleaners and swings in pH often lead to biological treatment
upset conditions causing extreme foaming, sludge bulking, or conditions toxic for microbiology. However,
treatment upsets could not impact the quality or quantity of process water available for production in the future. To
achieve these goals the facility’s water balance was redesigned around a new high recovery water reuse system with
a focus on reliability. The system was based on Ultrafiltration membranes (UF), Granulated Activated Carbon
(GAC) and Reverse Osmosis membranes (RO). Since start-up in early 2013 the new Water Reclamation Plant has
met all of production’s requirements. Water quality has been excellent and performance has been reliable.
However, in 2014 the facility’s production targets grew again requiring more even process water. As well, the
facility requested a permanent, sustainable solution for brine disposal. A Scavenger Reverse Osmosis system was
designed to boost water recovery rates and minimize brine disposal requirements. A Multiple Effect Evaporator/
Crystallizer system was then designed to treat the remaining concentrated brine solution and meet the site’s needs
for Zero Liquid Discharge. The Scavenger RO concentrated the Primary RO Reject to the limits of salt saturation
and minimized the amount of waste brine that needed to be evaporated. This reduced the size and cost of the
evaporators. As well, by evaporating the RO Reject to a vapour, the facility could recover the condensate for reuse
and maximize water recovery rates.
The new Scavenger RO and ZLD systems will be commissioned in May of 2016. Once operational they will give
the Food Processor complete control of the water balance ensuring the facility’s future sustainability in a region of
water scarcity.
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1. TREATMENT FOR IRRIGATION
Prior to the 2013 expansion of the food production facility, all process related wastewater generated by the facility
was treated on-site and used for irrigation on the facility’s grounds. Traditional methods for treatment were used. A
conventional activated sludge system was used to biologically degrade the soluble organics and separate the biomass
from the treated water. Media filtration ensured the local standards for reuse as irrigation water were consistently
met. The effluent wastewater treatment plant consisted of a fine screen, a primary clarifier, an aeration lagoon, a
secondary clarifier, media filtration, and a large treated water storage tank and disinfection.
A simplified water balance of the facility and its effluent treatment plant prior to the 2013 expansion is provided in
Figure 1 below. All flow rates are approximate daily averages expressed in m3 per day.

Figure 1: Simplified Water Balance prior to the 2013 Expansion
2. TREATMENT FOR INDUSTRIAL REUSE
The existing activated sludge system followed by filtration and disinfection was successful as it achieved the
necessary effluent quality for irrigation. However, the expansion brought about an increase in both the wastewater
flow rate and the organic loading rate to the existing treatment system. As well, reusing water would potentially
change the salt balance of the water supplied to the plant. Over time reusing water could have a significant impact
on the quality of process water supplied to production. The design of a Water Reclamation Plant had to start with a
complete water and salt balance for the expanded facility. The water balance must include losses due to evaporation
from the lagoons, the wasting of waste activated sludge (WAS), and the reject of concentrated brine from the
demineralizer process (RO Reject).
All of the existing water and wastewater treatment equipment at site was inspected and evaluated for suitability in
the new water balance. Most of the existing equipment was reused. Some pieces of equipment were refurbished or
upgraded to increase capacity or improve performance. A new Water Reclamation Plant was designed to follow the
Effluent Treatment Plant.
A simplified water balance of the facility, the Effluent Treatment Plant, and the New Water Reclamation Plant after
the 2013 expansion is shown in Figure 2 below. Prior to the expansion the facility was permitted to withdraw up to
450 m3 of water from the well per day. Water reuse enabled the facility’s water use to grow to approximately
1600 m3 per day.
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Figure 2: Simplified Water Balance after the 2013 Expansion

A team of specialists completed the design and drawings for each of the new or upgraded water and wastewater
systems (P&IDs, control narratives, mechanical and civil drawings) with the exception of sewage treatment.
Sewage was collected with separate sewers and treated on-site with a separate sewage treatment system. Separating
the ETP from sewage treatment ensured that the pathogens present in sewage could not contaminate the facility’s
Effluent Treatment Plant or its Water Reclamation Plant.
The new water and wastewater treatment systems included:





Treatment of well water for use as process water, low pressure boiler feed water, and condenser feed water;
Primary and Secondary Treatment of the facility’s process wastewater for the removal of FOG, TSS, BOD,
COD, NH3-N, NO3-N, and TP;
Tertiary treatment of the wastewater treatment plant effluent for reuse as facility process water, low
pressure boiler feed water, and condenser feed water; and
Integration of all of the above water and process wastewater treatment systems including storage,
disinfection, and distribution to the various process water users within the facility.

2.1 Water Reuse Goals
The client’s goals below for water reuse were not trivial:
1.
2.
3.

4.

5.

The treated water for reuse must always exceed the quality of the site’s well water.
Water must not be wasted. The new water reclamation plant must be designed to operate at the highest possible
recovery.
The site’s existing Effluent Treatment Plant (ETP) had frequent upsets. The facility’s wastewater was both
concentrated and highly variable. From day to day the COD could range from 1,000 mg/L to 16,000 mg/L, TSS
could range from 100 mg/L to 10,000 mg/L and TKN could range from 50 mg/L to 500 mg/L. Upgrades to the
Effluent Treatment Plant would be needed to address deficiencies, improve reliability and expand treatment
capacity. Reliable wastewater treatment would be critical to successful water reuse.
The Water Reclamation Plant (WRP) must be capable of working reliably through any foreseeable biological
treatment upset condition or membrane fouling event. Approval for the expansion of Production Facility would
require guarantees on productivity so the Water Reclamation Plant must be available to make process water for
production 24/7/365.
The new treatment requirements should be met by upgrading the existing equipment and site infrastructure to
reduce cost, schedule and operator training requirements.
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2.2 Water Reclamation Plant Design
Several process flow sheets were considered and compared with respect to meeting the above goals. Among the
technologies considered were: Membrane Bioreactor, Media Filtration, Multiple Effect Evaporation, UV and Ozone
Oxidation. The selected water reclamation system flowsheet consisted of:
Fine Screening → Tertiary UF → GAC → RO → Disinfection
The key considerations that lead to the selection of the above unit operations within the water reclamation system
were:






A high recovery wastewater reuse Reverse Osmosis membrane system (RO) was deemed to be the most
reliable and cost-effective method to meet the facility’s requirements for the reuse water (quality and
recovery).
An Ultrafiltration membrane system (UF) was used to ensure the biologically treated wastewater was
always acceptable as feed to the RO. Both membrane biological reactor (MBR) and tertiary UF
configurations were closely examined and deemed to provide adequate pretreatment for the RO; however, a
Tertiary UF system with an immersed supported fiber membrane was selected to minimize capital
investment costs and operational challenges.
A Granular Activated Carbon (GAC) system was included to treat the UF permeate to optimize the removal
of dissolved organics upstream of the RO. This would both minimize organic fouling rates within the RO,
extending periods between cleans, and allow for increased RO recovery rates.
Consideration was included for a future Ozone oxidation system after the GAC system to disinfect and
oxidize residual organics to enhance reliability.

To develop the complete flowsheet for the new wastewater treatment and water reclamation systems, several
changes to the existing equipment and infrastructure were required:







A new hydraulic profile was done so that all potential bottlenecks and airlocks could be removed.
The existing wastewater treatment processes were upgraded to expand treatment capacity and improve
effluent quality so that it could be feed to the new water reclamation system. Among the changes were
upgrades to the primary and secondary clarifiers, the RAS pumps, and the addition of a new ferric chloride
dosing system to reduce Total Phosphorous levels.
In order to reduce Total Nitrogen levels to acceptable levels upstream of the new water reclamation system
and utilize the existing lagoon infrastructure with minimal capital cost, additional surface aerators were
required. As well, new surface mechanical mixers were installed and a cyclical aeration process was
devised. This process utilized a single lagoon, with continuous flow, but provided aerated and anoxic (with
mixing) periods of treatment. This cycle allowed the treatment lagoon to achieve both nitrification and
denitrification within the existing lagoon.
Since the RO system would produce a waste reject stream with salt levels too high for irrigation or land
application, a strategy for brine concentration and removal was necessary. A series of evaporation ponds
was deemed to be the most cost-effective solution. To reduce land requirements both natural and forced
evaporation (misters) were needed.

2.3 Successful Water Reuse
2.3.1. Biological Upset Conditions
The start-up of the client’s new production lines brought with it increased flows and organic loading to the aeration
lagoon. These changes caused upset conditions that were characterized by increased foaming in the aeration lagoon
and poor clarifier performance. For example, average TSS levels in the secondary clarifier effluent were over
100 mg/L with spikes as high 220 mg/L. Nutrient loading rates also spiked and caused algae growth in the open top
tank that fed the UF system. Despite these challenges, and against the recommendations of the equipment vendor,
the water reclamation system started-up to support the client’s needs for process water.
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Figure 3: Influent Wastewater Flow Variability During and After Start-up
The above chart (Figure 3) shows the large swings in the influent wastewater flow to the primary clarifier over a sixmonth period. This variability made maintaining a consistent ratio of Food to Microorganism (F:M) in the activated
system especially challenging.
2.3.2. UF System Performance
Since start-up the UF system has performed reliably. UF permeate quality has been excellent with Turbidity levels
consistently below 0.2 NTU and Silt Density Index levels below 2.5 (SDI < 2.5). As well, the Trans-Membrane
Pressure of both trains has remained low since start-up indicating that membrane permeability has been very stable.
In fact, there have been no issues with performance of the UF during start-up or throughout the first two years of
operation, despite the operational challenges listed below:




During the 2014 start-up period the large swings in influent flow and organic loading brought about
biological treatment upset conditions causing foaming and filamentous growth. These two operational
issues overwhelmed the secondary clarifier at times causing exceedances in the design basis for the
Ultrafiltration system (i.e. Total Suspended Solids > 500 mg/L).
Algae growth in the open top equalization tank that feeds the Ultrafiltration system initially was a concern
as algae caused rapid fouling of membrane systems. During the first few months of operation the fine
screens plugged frequently with algae.

2.3.3. RO Permeate Water Quality
The product water quality from the Primary RO units has consistently met the client’s requirements in all regards.
Table 1 shows an abbreviated list of the more critical design parameters for the Raw Process Wastewater, the
relevant Indian Standards for Drinking Water, and the Primary RO Permeate water quality. The Canadian Drinking
Water Standards are also provided for reference only.
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Parameter

Table 1: Water Quality
Raw Process
IS 10500 for
Wastewater
Drinking Water*

Chemical Oxygen Demand (mg/L)
8938
NA
Total Suspended Solids (mg/L)
4457
NA
Total Phosphorous (mg/L)
78
NA
Nitrate (mg/L as NO3)
NA
45
Total Nitrogen (mg/L)
378
10
Turbidity (NTU)
NA
1
Total Hardness (mg/L as CaCO3)
282
200
Chlorides (mg/L)
610
250
Total Dissolved Solids (mg/L)
3050
500
* Abbreviated List of IS10500 Requirements and Results
** Reference Only

Guidelines for
Canadian Drinking
Water **
NA
NA
NA
45
10
0.1
None
None
500

Primary RO
Permeate*
Non-Detectable
Non-Detectable
Non-Detectable
<1
<1
~ 0.03
<1
20 to 40
40 to 80

2.3.4. Primary RO System Performance
The Primary RO units have met the client’s requirements with regard to both the quantity of RO permeate water
recovered and the recovery rate. Shortly after start-up each RO unit was set to operate at the design recovery of
87.5%. Despite operating at such a high recovery, the system has been quite reliable. This is largely due to the
conservative approach used in the design of the RO pretreatment systems. For example, a UF system was used to
eliminate the potential for mixed liquor to carry over or break through and contaminate the treated water in the
downstream tanks, piping and equipment. As well, the GAC filters were used to minimize organic fouling rates by
adsorbing organics that would have otherwise adsorbed onto the surface of the RO membranes.
To provide complete redundancy there are four Primary RO units or trains. Under peak demand conditions only
three are required to be in operation. Since start-up the first RO train (RO1) has been operated the most frequently
with regular cleanings approximately once per month.
Figure 4 shows the loss in membrane permeability after six months of operation. Over the first six months of
operation the loss in Normalized Permeate Flow for RO1 was approximately 40%. This corresponds to a loss in
membrane permeability from when the membranes were first started up of approximately 40%.
Figure 5 shows the loss in membrane permeability after the first 2 years of operation. Worth noting is that there has
been relatively no change in membrane permeability between 6 months of operation and 2 years of operation. This
indicates that after the initial start-up period, performance has been relatively stable and the operator cleaning
procedures have been effective at controlling membrane fouling rates.
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Figure 4: Normalized Permeate Flowrate for RO1 - After 6 Months of Operation

Figure 5: Normalized Permeate Flowrate for RO1 - After 2 Years of Operation
3. BRINE CONCENTRATION USING A SCAVENGER RO SYSTEM
A membrane based Water Reclamation Plant produces a salty waste by-product that is referred to as “RO Reject”.
RO Reject is the salty concentrate from the water/salt separation process. Specifically it is the concentrate from the
final stages of the Reverse Osmosis membrane units. For many sites the options for disposal of the RO Reject may
be limited because RO Reject can have salt concentrations that are 4 to 10 times higher than typical ground water.
This facility was no different. To comply with local regulations the client needed to either fully evaporate their
waste brine on-site or haul it off-site for disposal by others. Since the client had limited land available for
evaporation ponds on-site, off-site disposal was required. After two years of successfully operating the Water
Reclamation Plant and producing waste brine, the client was ready to take the next step toward Zero Liquid
Discharge. This would mean concentrating the brine to the saturation limits of the mixed salt solution using a
Scavenger RO system. Integrating a Scavenger RO system into the Water Reclamation Plant would allow the client
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to operate their Water Reclamation Plant at the highest possible water recovery rate for a membrane based system
short of actual evaporating the water.
The client’s goals for the Scavenger RO system were simple: minimize the volume of the brine that needed to be
evaporated thereby minimizing the capital and operating costs of the evaporation system. It is important to note that
the purpose of a Scavenger RO system is very different than a Primary RO system. The design is therefore also
different. For example, the client’s Primary RO system must produce permeate (product water) of exceptional
quality so that it can be used by Production as process water. However, the sole purpose of the Scavenger RO is to
reduce the amount of waste brine (RO Reject) that needs to be evaporated. As a result, Scavenger RO systems are
quite different systems. Physically, they are much smaller than Primary RO systems; however, their design must be
even more conservative as their duty is more severe and their expected membrane life is shorter.
4. TREATMENT FOR ZERO LIQUID DISCHARGE
The last step to achieving Zero Liquid Discharge is by far the most costly from both the standpoint of capital
expenditure and operating expense. Evaporating brine is energy intensive. As well, the materials of construction in
contact with a concentrated mixed salt solution require expensive corrosion-resistant metallurgy. Titanium, duplex
stainless steels (i.e. 2205) and/or austenitic stainless steels (i.e. 254 SMO) are often used in the design of mixed salt
evaporators and crystallizers as 316 stainless steel can corrode quickly in concentrated wastewaters with higher
chloride levels.
Zero Liquid Discharge systems can be designed to treat the most concentrated wastewaters and produce water
vapour and mixed salt crystals. The water vapour is condensed into a liquid using cooling water and then blended
with RO permeate for reuse as process water. The salt crystals are suspended in a saturated mother liquor. The
crystals are separated from the mother liquor by a centrifuge. The mother liquor is either returned to the evaporator
or crystallizer or purged from the system. The salt crystals from the centrifuge are typically disposed of at a landfill
with a moisture content of approximately 20%.
A simplified water balance of the facility, the Upgraded Effluent Treatment Plant, the Water Reclamation Plant and
the New Zero Liquid Discharge Plant after the 2016 expansion is shown in Figure 6 below. Prior to this expansion
the facility needed to dispose of the concentrated brine off-site. By adding a Scavenger RO system to boost the
recovery to over 93%, the volume of brine was reduced by half. Reducing the volume of brine to treat made the
Zero Liquid Discharge system smaller and more affordable to buy, construct and operate. When the condensate
from the ZLD system is included in the water balance, the water recovery rate is increased to over 96%.
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Figure 6: Simplified Water Balance after the 2016 Expansion

3.1 Zero Liquid Discharge Goals
The client’s goals for Zero Liquid Discharge are to:
1.
2.
3.

Eliminate the need to haul concentrated waste brine off-site for disposal by others;
Recover the condensate produced by the evaporators and crystallizers so it can be reused by production as
process water; and
Minimize the site’s dependency on well water to meet expanding production requirements.

3.2 Zero Liquid Discharge Technology Evaluation
Several wastewater evaporation technologies were considered and evaluated using a 15 life cycle evaluation.
Among those technologies evaluated were: Falling Film Evaporators and Crystallizers with Mechanical Vapour
Recompressors, Forced Circulation Evaporators with Vertical Thin Film Dryers, Crystallizer Flash Tanks with
Forced Circulation Crystallizers, and Polymeric Film Evaporation Technology (PFET) with Mechanical Vapour
Recompressor and Multiple Effect Evaporator/Crystallizers with Thermal Vapour Recompressors. At this site the
Multiple Effect Evaporator/Crystallizer (MEE) using a Thermal Vapour Recompressor (TVR) proved to be the most
cost effective.
Of the more significant factors in the evaluation of evaporative technologies were the relative costs of steam and
electric power. As well, the multiple effect evaporator process could reduce the steam consumption from systems
based on a single effect. By using the vapour produced as heating steam in a second effect, the energy requirement
of the overall system would nearly halve. This principle can be continued over several effects in order to further
improve the energy savings.
3.3 Zero Liquid Discharge Project Status
The ZLD system design was completed during the months of September 2015 to January 2016. Fast tracking the
approval of the longer lead items enabled a compressed project schedule. Commissioning is scheduled for May
2016.
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5. DISCUSSION
1.

2.
3.
4.
5.
6.
7.

Population growth and water scarcity are forcing food processors in many areas of the world to reuse water. To
meet this growing need, water treatment professionals must re-examine the standards of conventional treatment
methods and find ways to improve water recovery and reliability without increasing cost.
Water Reclamation Plants produce a waste brine solution with limited options for the disposal.
Full-scale Industrial Water Reclamation Plants can produce process water with a quality that exceeds potable
water quality standards and operate reliably at a water recovery rate of 87.5%.
With a Scavenger Reverse Osmosis system water recovery rates can be increased to over 93%.
With a ZLD system returning condensate water recovery can be increased to over 96%.
A Scavenger Reverse Osmosis system is a cost-effective method of reducing the volume of waste brine to be
disposed of or evaporated.
Zero Liquid Discharge Systems provide a sustainable solution to industrial clients with expanding production
needs and limited access to water.
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